Selenium is an important trace element for thyroid hormone metabolism, and its deficiency can cause hypothyroidism. Serum selenium concentration is the best biomarker to reflect selenium intake and reserve, although other markers can reflect. Therefore, we preliminarily assessed serum and urine selenium concentrations in patients with thyroid disease compared to those of a healthy population. We also investigated the correlation between serum and urine selenium concentration, thyroid hormone and urinary iodine concentration (UIC). Materials and Methods: A total of 97 patients (32 men, 65 women, 52.4±14.7 years) with benign thyroid nodules or thyroid dysfunction who visited the Samsung Medical Center between 2008 and 2013 were included. Data for 175 healthy subjects provided by Lee et al. were used as the control. Serum T3, free T4, and thyroid stimulating hormone (TSH) were measured using commercialized RIA or IRMA kits. Serum/urine selenium and UIC were measured by inductively coupled plasma-mass spectrometry (ICP-MS). Results: Median serum selenium concentration was 110 μg/L (95% CI, 73-156). Median urine selenium concentration was 66.3 μg/gCr (95% CI, 28.7-283.5). Compared to 175 healthy subjects (serum 84 μg/L [95% CI, 30-144], urine 34.5 μg/gCr [95% CI, 0.8-107.2]), serum and urine selenium concentrations of patients with thyroid disease were significantly higher than those of healthy subjects (p＜0.001). Serum selenium concentration was significantly correlated with urine selenium concentration after log transformation (r=0.88, p=0.022), but was not significantly correlated with UIC, T3, free T4 and TSH. Conclusion: Selenium concentrations of patients with thyroid disease were significantly higher than those of healthy subjects. Serum selenium concentration was significantly correlated with urine selenium concentration.
Introduction
Understanding of the essential role of selenium in human health and thyroid disease has progressed in recent decades. [1] [2] [3] [4] The thyroid gland contains exceptionally high selenium content. Selenium is important for biosynthesis of a small number of selenocysteine-containing selenoproteins. The thyroid gland expresses several specific selenoproteins for thyroid hormone metabolism and antioxidant properties. 2) Selenoproteins protect the thyroid gland from excess hydrogen peroxide generated from thyroid hormone sproduction.
5-7)
Selenium-dependent iodothyronine deiodinases make active thyroid hormone, tri-iodothyronine (T3), from its inactive precursor, thyroxine (T4). 7, 8) A randomized controlled trial of selenium supplementation in 368 euthyroid elderly patients with low to moderate selenium status in the United Kingdom showed no evidence of any effect of selenium on thyroid function or on the ratio of T4 to T3. 9) antibody titers and improved morphological changes in patients with Hashimoto's thyroiditis. 14-18) Negro et al. 19) also reported that selenium supplementation in pregnant women significantly decreased the prevalence of postpartum thyroiditis and definitive hypothyroidism. A few studies showed that selenium supplementation resulted in achieving euthyroid status more rapidly in patients with Graves' disease and appeared to have a beneficial effect on mild ophthalmopathy. 20, 21) However, increased risk of type 2 diabetes mellitus and dyslipidemia has been reported following long-term, high-dose selenium supplementation. [22] [23] [24] As mentioned in several papers, selenium have 
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Clinical Characteristics of Enrolled Patients and Healthy Subjects
The clinical characteristics of 97 patients with thyroid disease are provided in Table 1 . Of the 97 patients, 32 (33%) were men and 65 (67%) were women. women, but the differences were not significant (p= 0.099 and p=0.168, respectively). When 97 patients were classified into 3 groups (hyperthyroidism, hypothyroidism, and benign thyroid nodule), and compared to 175 healthy subjects, the serum and urine selenium concentrations of patient groups were not different from each other, but they were significantly higher than those of healthy subjects (p＜0.001, Figs. 2, 3) .
Correlation of Serum Selenium with Urine Selenium, Urinary Iodine, and Thyroid Hormone Levels
Correlations of serum selenium with urine selenium, urinary iodine, and thyroid hormone concentrations were evaluated using multiple regression tests. Serum selenium concentration was significantly correlated with urine selenium concentration after log transformation (r=0.88, p=0.022) but was not significantly correlated with UIC, T3, free T4 and TSH concentrations (Fig. 4) .
Discussion
Selenium is an essential trace element in humans that has both antioxidant and anti-inflammatory effects.
2,3)
Selenium is present in specific selenoproteins as selenocystein. The major selenoproteins include glutathione peroxidase, deiodinase, and thioredoxin reductase, which are expressed in the thyroid gland.
Glutathione peroxidase plays an important role in protection against damage caused by oxygen free radicals.
The main function of deiodinase is conversion of T4 into its active form, T3. Thioredoxin reductase plays a role in antioxidant processes and the regulation of some transcription factors/gene expression.
2,5-8)
The body's selenium pool body depends on its dietary intake. Meat, fish, eggs, and cereals have high selenium content. 29) A combined deficiency of selenium and iodine can cause severe hypothyroidism, called 'myxoedematous cretinism,' which is characterized by persistence of hypothyroidism despite iodine supplementation. 30) Selenium supplementation without prior iodine repletion may aggravate hypothyroidism. 31) Plasma selenium concentrations of the healthy population ranges between 60 and 120 μg/L. It is not recommended to measure plasma or serum selenium levels in routine practice because selenium deficiency is very rare. However, plasma or serum selenium measurement may be useful for screening patients who may be undernourished. 29) In this study, we compared the median serum selenium concentration of 97 patients with thyroid disease with 103 healthy subjects. Interestingly, the serum selenium concentrations of 30% of healthy subjects were less than 60 μg/L, but no patients with thyroid disease had serum selenium concentrations less than 60 μg/L. Because of an unequal distribution, the serum selenium concentrations of patients with thyroid disease were significantly higher than those of healthy subjects (p＜ 0.001).
Daily 
33)
High selenium intake has an anti-tumorigenic effect, but selenium doses should not exceed 400 μg/day.
Extremely high selenium intake of more than 1000 μg/ day can cause acute intoxication. 29, 34) Therefore, it is important to assess selenium status by measuring selenium biomarkers such as plasma/serum or urine selenium concentrations. Plasma or serum selenium concentrations are the best biomarkers to reflect selenium intake and reserve. Combs et al. 35) found that plasma or serum selenium concentration increased when selenium intake increased in non-deficient Americans. Aside from two studies, thyroid hormone concentration did not increase after selenium supplementation in most studies. [9] [10] [11] [12] [13] 36, 37) In other studies, urine selenium concentration also increased when selenium intake increased. [38] [39] [40] [41] However, no study has investigated the direct relationship between plasma/serum and urine selenium concentrations. We analyzed the relationship between serum and urine se-lenium concentrations via linear regression after log transformation because values did not have a normal distribution. Significant positive correlation was found between serum and urine selenium concentrations (r=0.88, p=0.022). This is the first report to describe the relevance of serum and urine selenium concentrations.
In this study, there was no significant correlation between selenium and thyroid hormone concentrations.
Type 1 and type 2 deiodinases convert T4 into T3, the active thyroid hormone in humans. 29, 42) Deiodinase shows maximal expression at a lower concentration than other selenoproteins, such as glutathione peroxidase or selenoprotein P. 25, 43) Maximal expression of glutathione peroxidase 3 may occur at lower selenium concentrations of around 66 μg/L compared to maximal selenoprotein P expression. 44, 45) In this study, selenium might not affect deiodinase expression because the serum selenium concentrations of most patients with thyroid disease were more than 70 μg/L.
However, additional research is needed to clarify relation between thyroid hormone and selenium con- In conclusion, selenium concentrations of patients with thyroid disease were significantly higher than those of healthy subjects. Serum selenium concentration was significantly correlated with urine selenium concentration.
